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Strength and Biot's coefficient for high-porosity oil- or water-saturated chalk
In the petroleum industry it is relevant to know the Biot coefficient for establishing the effective stresses present in both the
overburden and for the reservoir interval. When depleting a reservoir it is important to estimate the settlement through the
strain imposed by the effective stress. Also considerations for the size of the drilling window and the magnitude of the
lateral stress involve the Biot coefficient. Additionally, the fluid effect of oil-saturated chalk behaving much stronger than
water-saturated chalk affects geomechanical considerations related to e.g. water injection into a reservoir.  
The Biot coefficient states the degree of cementation or how the pore pressure contributes to the strain resulting from an
external load for a porous material. It is here calculated from dynamic measurements and correlated with the strength of
outcrop chalk characterized by the onset of pore collapse during hydrostatic loading. The hypothesis is that the Biot
coefficient and the theory of poroelasticity may cover the fluid effect by including the increased fluid bulk modulus from oil
to water. A high number of test results for both oil- and water-saturated high-porosity outcrop chalk show correlation
between the Biot coefficient and the strength.
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Poroelasticity of high porosity chalk under depletion
The theory of poroelasticity for the elastic region below pore collapse by means of three different loading paths gives the
possibility to compare the static and dynami-cally determined Biot coefficient for a set of experimental data with uniaxial
loading on outcrop chalk performed with different levels of pore pressure. The chalk is oil-saturated Lixhe chalk from a
quarry near Liège, Belgium, with a general porosity of 45%. Additionally, we compare the theoretical lateral stress to the
experimentally determined lateral stress at the onset of pore collapse. 
The static Biot coefficient based on mechanical test results is found to be low-er than the pretest dynamic Biot coefficient
determined from elastic wave propagation for the loading path and with less deviation under depletion. The calculated
lateral stress is lower than the experimentally measured lateral stress depending on loading path. An explanation to this
behaviour is pore pressure build up.
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Cretaceous Chalk at the Fehmarnbelt Fixed Link Site
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Temperature Influence on Rock Mechanical Properties: High-Porosity, Low-Cemented Chalk
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Biot critical frequency applied as common friction factor for pore collapse and failure of chalk with different pore fluids and
temperatures
A fluid effect toward higher strengths for oil-saturated chalk compared with water-saturated chalk has previously been
identified and labeled the "water-weakening phenomenon," but has not been further characterized physically. The
hypothesis of this paper is that the Biot critical frequency with a strain or stress-rate dependence can be used to explain
this behavior on the pore scale and can be extrapolated to the macroscale failure and pore-collapse properties. A large set
of previously published laboratory test results on chalk with different pore fluids was collected, and as a supplement we
present a new test series on Stevns chalk with unconfined compression and Brazilian strength results. Copyright © 2011
Society of Petroleum Engineers.
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Biot Critical Frequency Applied as Common Friction Factor for Chalk with Different Pore Fluids and Temperatures
Injection of water into chalk hydrocarbon reservoirs has lead to mechanical yield and failure. Laboratory experiments on
chalk samples correspondingly show that the mechanical properties of porous chalk depend on pore fluid and
temperature. Water has a significant softening effect on elastic properties of chalk as calculated from wave data, and the
softening increases with increasing critical frequency as defined by Biot. The critical frequency is the highest frequency
where wave propagation is controlled by solid-fluid friction. The Biot critical frequency is thus a measure of this friction and
we propose that the fluid effect on mechanical properties of highly porous chalk may be the result of liquid‐solid friction.
Applying a different strain or stress rate is influencing the rock strength and needs to be included. The resulting function is
shown to relate to the material dependent and rate independent b-factor used when describing the time dependent
mechanical properties of soft rock or soils. As a consequence it is then possible to further characterize the material
constant from the porosity and permeability of the rock as well as from pore fluid density and viscosity which is highly
influenced by temperature.
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Biot Critical Frequency Applied as Common Friction Factor for Pore Collapse and Failure of Chalk with Different Pore
Fluids and Temperatures (SPE - 130447)
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Biot Critical Frequency Applied to Description of Failure and Yield of Highly Porous Chalk with Different Pore Fluids
Injection of water into chalk hydrocarbon reservoirs has led to mechanical yield and failure. Laboratory experiments on
chalk samples correspondingly show that the mechanical properties of porous chalk depend on pore fluid and
temperature. In case of water-saturated samples, the concentration and nature of dissolved salts have an effect.Water has
a significant softening effect on elastic properties of chalk as calculated from wave data, and the softening increases with
increasing critical frequency as defined by Biot. The critical frequency is the highest frequency where elastic wave
propagation is controlled by solid-fluid friction. The reference frequency is thus a measure of this friction, and we propose
that the fluid effect on mechanical properties of chalk may be the result of liquid-solid friction. We reviewed 622 published
experiments on mechanical properties of porous chalk. The data include chalk samples that were tested at temperatures
from 20 °C to 130 °C with the following pore fluids: fresh water, synthetic seawater, glycol, and oil of varying viscosity. The
critical frequency is calculated for each experiment. For each specimen, we calculate the thickness to the slipping plane
outside the Stern layer on the pore surface. For electrolytes, the thickness of this layer is calculated based on Debye-
Hückel theory. The layer reduces the porosity available for fluid flow.We find that the Biot critical frequency based on pore
scale data can be used to explain effects on the macro scale.We find that the effective yield stress and also the effective
stress of failure in tension as well as in compression are log-linearly related to log reference frequency. This opens the
possibility to predict yield and failure under reservoir conditions from mechanical tests made under laboratory conditions. It
also opens the possibility of predicting the effects of water flooding on chalk stability.
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Water weakening of chalk explaied from a fluid-solid friction factor
The hypothesis behind this paper proposal is that the Biot critical frequency can be used to characterize the water
weakening phenomenon physically. The Biot critical frequency determines the transition from where an applied sound
velocity on a saturated porous chalk is dominated by viscous forces to where it is dominated by inertial forces, i.e. when
the pore fluid motion lags behind the applied frequency. It is therefore a measure of the internal surface friction between
solid and fluid which can be interpreted as a friction factor on the pore scale and we propose it can be extrapolated to the
macroscale failure and pore collapse properties. The Biot critical frequency incorporates the porosity, permeability, fluid
density and fluid viscosity, where the latter is highly temperature dependent – it does not include the applied sound
velocity frequency. The listed parameters are usually determined during laboratory tests and the fluid viscosity and density
may be found in tabulated references. There exist a number of previously published laboratory test results on chalk which
was collected from Brazilian, unconfined compression and triaxial tests. The data spans four different chalk types which
were tested at temperatures from 20°C to 130°C with the following pore fluids: fresh water, synthetic seawater of different
chemical compositions, methanol, glycol, and oil of varying viscosity. The data was evaluated according to failure lines
and yield envelopes for all fluids and temperatures while using the Biot critical frequency as a single reference. Other
viscoplastic parameters were investigated in the same manner to verify the range of the functioning of the friction factor.
The findings show that the Biot critical frequency can be used as a common friction factor and is useful in combining
laboratory results. It is also inferred that the observed water weakening phenomenon may be attributed to the friction
between solid and fluid.
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Boreability and Bit Wear in Siliceous Limestone and Flint in Malmö
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